Vector data acquired by MAGSAT were analysed to examine spatial properties of the geomagnetic field over the Japanese Islands and their surrounding seas. Three component data along satellite paths, which pass through the area Two distinct structures have been found to exist in the regional field by examining the coefficients of the series, which give a kind of amplitude spectrum. One is the long wavelength field represented by lower degree terms up to degree 5 or d. This type of field is characterized by sharp decrease of amplitude with increasing degree. The other is the short wavelength field represented by higher degree terms beyond degree 5 or 6. The amplitude spectrum is more flat with this type of field. From the high rate of attenuation of the spatial spectrum with degree, the magnetic field of wavelengths longer than 3000 km is likely to have its origin in the core. On the other hand, from almost flat nature of the spectrum the shorter wavelength field has been regarded to originate in the crust.
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Introduction
In order to represent the regional trend of the geomagnetic field, polynomial representation is widely used, in which the geomagnetic components are expanded into polynomial series of longitude and latitiude. In Japan, too, the second degree polynominals have been determined every five years to represent the general feature of the field over the land area (GEOGRAPHICAL SURVEY INSTITUTE, 1973 , and the third degree polynomials for the area including the surrounding seas (HYDROGRAPHIC DPARTMENT, 1978) . The polynomial representation process eliminates short wavelength anomalies, and yields a fairly smooth field. The magnetic field represented in this way is supposed to be mostly of the origin of the earth's core. A question arises how many terms should be included in the series to represent the core field.
Spatial spectrum analyses conducted for the aeromagnetic and satellite data have revealed that there is a distinct difference in the spectrum structure between the core and the crustal field (ALLDREDGE et al., 1963; LOWES, 1974; MCLEOD and COLEMAN, 1984; LANGEL and ESTES, 1982) . This feature is particularly clear in the power spectrum estimated from the Gauss coefficients of the magnetic potential.
When the power density at the surface of the earth is plotted against the degree of the spherical harmonics, it decreases with increase of the degree. 
Approximaton of the Field by Polynomial Series
The three comonent data X(north), Y(east) and Z(vertical) were taken from MAGSAT Investigator-B taxes. The orbital paths that passed through the area were selected and the data along the paths for the magnetically quiet periods
The three component data along the individual path were subjected to the polynomial fit, where the distributions of the geomagnetic components were approximated by polynomial series of coordinates of the satellite position along the path and the residuals were computed. As the polynomilas, orthonormalized Legendre functions were used. Let H(x) be the component data along a single path, where x is the normalized distance along the orbital path with x=1 at where N represents the maximum degree of the series. The polynomial fit was carried out for X, Y and Z components by varying the maximum degree of series N from 1 to 9. An example is shown in On the columns from 3rd to the 12th, the coefficients of the polynomials are tabulated in the unit of nT. The coefficients for X, Y, and Z component are all listed in the same table. The second column shows root mean square residuals (in the unit of nT) after the approximation by the polynomial series. The table shows how well the polynomials approximate the observed field. The root mean square residual on the second column decreases sharply with the increase in the maximum degree of the polynomial approximation, and becomes almost constant beyond n=6, ranging from 1 to 2nT. It is noted that the coefficients are so stably determined that no significant variations are seen even when the series are terminated at a different degree. An, coefficient for the X component for example, is-8742.61nT
when the series are terminated at the first degree, whereas it becomes -8747.59nT when the series terminated at 9th degree. Variation in the coefficients due to change in the degree of approximation is as small as about 5nT. This implies that the individual coefficients are determined almost independent of the termination of the series.
It is clearly seen in the table that the coefficients become small for higher degree terms. When the series are expanded into the 9th degree polynomials, the magnitude of the coefficient for the Z component, for instance, decreases sharply from A1 (=21408.7nT) to A6 (=4.30nT). Beyond the 6th degree, however, the decreasing rate becomes small, and the coefficents are in a range from 1 to 1.6nT. As a matter of course, the root mean square residual decreases as the maximum degree of the series is increased. The table shows that it is as large as 1465.65nT for the Z component when only the first degree term, namely a linear approximation, is adopted, whereas it reduced to 2.34nT for the 6th degree polynomials.
Spatial Amplitude Spectrum of the Regional Field
For convenience the study area was divided into subdivisions. In order to analyse the data on the ascending paths of the satellite, the area was diveded into 5 regions (Region 2 to Region 6) as shown in Fig. 1(a) , and for the descending paths into 5 other regions (Regin 7 to Region 11) as in Fig. 1 (b) . Some of the coefficents of the individual harmonics are shown in Figs. 2(a)-(c) for Region 8. The figures demonstrate how the magnitude of the polynomial coeffiecient varies with the polynomial degree when the field is approximated by the 9th degree polynomials. the magnitude of the coefficient decreases rapidly from degree 1 to 4 for X component, and beyond degree 4 the rate of decrease becomes small. Similar variations are seen with the coefficients of the Y and the Z components. The change in the rate of decrease occurs at degree 5 for the Y component and at degree 6 for the Z component. wavelength fields have smaller one. The amplitude decreases rapidly with decrease in the wavelength to a certain critical wavelength. For the fields with wavelength shorter than the critical one, the decreasing rate becomes drastically small. Spectrum for this range of wavelength is similar to that of white noise. These spectrum features are very similar to those obtained from spherical harmonic analyses of global scale data (LowEs, 1974 : MCLEOD and COLEMAN, 1980 : LANGEL and EsTES, 1982 . Similar features are seen in the residuals after the polynomials are removed from the observed data along the satellite path. The root mean square residual for the maximum degree N of the polynomials listed on the second column of Table 1 represents a kind of integrated amplitude spectrum of the field to be represented by the terms higher than degree N. The root mean square residual for the maximum degree 3, for example, represents a mean amplitude of the field expressed by the terms higher than 3.
The root mean square residuals were plotted against the maximum degree of the polynomials, and their behavior with the polynomial degree was examined. Figures 3(a) and (b) are those of the X component for the satellite paths in Region 3 and 11, respectively. The root mean square residuals decrease sharply from degree 1 to 5, and become almost flat beyond degree 5. This implies that no appreciable improvement of approximation will be attained unless large number of higher terms are included in the series. This is due to the nature of the spectrum of the short wavelength fields, because the spectrum is more like a white spectrum as decribe before. Since the amplitude does not decrase markedly with the degree, even if a few terms are added to the series, the residuals remain in the same order of magnitude. In this way, the distinction of the spectrum between the long wavelength and the short wavelength fields is more clearly seen in the residuals (see Fig. 3 ) rather than in the amplitude spectrum in Fig.  2 . One may easily identify the critical wavelength in the figures for the residuals where the two distinct spectra overlap. In Fig. 3(a) , for example, the overlap of the spectra takes place at degree 5.
Similar features are seen for the Y and the Z components as well (Figs. 3(c) and (d)). However, the overlap of the spectrum does not always occur at the same degree. Figures 3(c) and (d) shows that there are paths for which the decrease in the root mean square residual continues to such a higher degree as degree 7.
The overlap degree of the long and the short wavelength fields, which was obtained from examination of the root mean square residuals for the individual satellite paths, were averaged in each region to give the representative values of the 10 regions. Frequency distribution of the overlap degree is shown in Fig.  4 . For the X component, the overlap degree is either 5 or 6 in 9 regions. For the Y component the critical degree concentrates at degree 5. On the other hand, for the Z component it spreads toward higher harmonics up to degree 7.
From the degree of the polynomial one may roughly estimate the wavelength where L is the length of the path used for the analysis. Here we have taken as 7000km. The wavelength thus estimated is noted in abscissa of the Z component corresponding to the degree N. The overlap degrees of 5 and b correspond to the wavelength of 3500 to 2800km. This is in good agreement with the overlap wavelength 3000km derived from the spherical harmonic analysis of wordwide data (for example, LANGEL and ESTES, 1982).
Discussion on the Sources of the Fields with Different Spectrum Structures
If the short wavelength fields represented by the higher degree polynomial terms are assumed to have physical significance beyond observational noises, the distinction of the spectrum structure between the long wavelength and the short wavelength fields suggests that they are of different origin. In order to estimate the depth to the magnetic source, the white spectrum hypothesis is frequently employed, in which the spectrum at the source depth is assumed to be white. As one goes upwards from the source, one sees shorter wavelength fields attenuate more rapidly than those of longer wavelength. At a certain level above the source, reflecting the faster attenuation of the shorter wavelength field, the spectrum is no more flat and characterized by decrease in the amplitude with decreasing wavelength. Accordingly from the rate of decrease the depth to the source is roughly estimated. The spectrum structure for the short wavelength revealed by the present analysis, suggests that sources of the short wavelength fields are very shallow, perhaps in the crust, because its similarity to white spectrum. On the other hand, the spectrum for the long wavelengths characterized by a sharp decrease of the amplitude indicates that the source lies at deeper parts. Unfortunately, however, by the present polynomial series technique, there is no way to estimate the depth definitely at which the spectrum becomes white, because, different from harmonic analyses, the polynomial technique is powerless for downward continuation.
From downward continuation of spherical harmonic series, LOWES (1974), MCLEOD and COLEMAN (1980), and LANGEL and EsTES (1982) conclude that fields with wavelength longer than about 3000km originate in the core and that those with wavelength shorter than that are of crustal origin. As mentioned before, the overlap wavelength agrees well with that obtained by the present regional analysis. Therefore, we may regard the long wavelenght fields characterized by sharp decrease of amplitude as of the origin of the core.
Another thing to be considered regarding the long wavelength field is the effect of the external field. Although there are some effects of ionospheric currents as may cause the distribution of the magnetic fields different between the dawn and the dusk meridians (YANAGISAWA et al., 1984) , the most predominant effect in the middle latitude is supposed to be that of the ring currents in the magnetosphere.
The field generated by this current has such a long wavelength as may be expressed by the first degree term in the spherical harmonic series, that, in order to remove this effect on the regional field analysis, the field is commonly approximated by either a linear or the quadratic fuction of the satellite position along the path (see MAYHEW, 1979) . In the present case where the data along the satellite path is approximated by a polynomial series, such a long wavelength field of external origin is unseparable from the core field with long wavelenghts. Because of time variability of the external field, it is not necessarily impossible to eliminate the effect by a proper stacking technique when employed for the data along the paths that flew over the same area. However, the magnitude is so small compared with the core field, and the difference in the effect in the study area is much smaller, that the ring current effect is surmised to work mostly to reduce the field by a constant value over the study area, and supposed to be contained in the lowest few degree terms of the polynomials by only a small fraciton.
Conclusion
Three component data along the orbital paths that cover the area of Japan and its surrounding seas were approximated by polynomial series of satellite position along the path. It was confirmed that the series converged very rapidly. The amplitude spectra consist of two parts with different structures.
One is the spectrum for the lower degree terms where the amplitude is large and decreases sharply with the increase of the polynomial degree. This part is considered to be due to the field with its origin in the core. On the other hand, the amplitude spectra for the higher degrees are small and almost flat. We express our sincere thanks to Professor N. Fukushima and other members of the Japanese team for MAGSAT investigation for their cooperation in this study.
